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USING COVARIANCE MATRICES FOR LINK
SELECTION IN MIMO COMMUNICATION
SYSTEM

TECHNICAL FIELD

The present invention relates to optimization of communi-
cation 1 a wireless network. In particular the nvention
relates to a method and an apparatus for the optimization of
selection of communication links 1n a wireless network.

BACKGROUND AND PRIOR ART

In wireless communication systems multiple antennas are
often used 1n base stations and terminals to increase the cov-
erage, especially for high data rate services 1n wide area
scenar1os. The multiple antennas help achieve this by intro-
ducing the possibility of beam forming as well as spatial
diversity and efficient provisioning of very high data rates by
means of spatial multiplexing. Beam forming, in particular, 1s
used to increase the quality of a particular communication
link.

When a terminal wishes to set up a connection to the
network, 1t 1s 1mportant to select a link that will provide
adequate communication quality. To assist selection of com-

munication link 1n a system having multiple antennas accord-
ing to the prior art cell defining reference signals (pilots) are
transmitted. The base station typically transmuits a cell defin-
ing pilot, typically consisting of one or two reference signals
with a fixed set of beam forming weights. For example, each
reference signal may be transmitted from one of the antennas.
This pilot signal 1s transmitted continuously or periodically.
The mobile terminals perform measurements on this pilot
signal. Based on these measurements a terminal can deter-
mine which cell 1t hears best and select this cell, or, when
needed, mitiate a handover by sending a measurement report
to the network.

The pilot signal 1s chosen so that 1t can be received in a large
area by all visiting terminals. Typically, a cell defining pilot 1s
transmitted in a wide beam covering a 120 degree sector. In
contrast, with beamforming, the dedicated data intended for
one particular terminal 1s typically transmitted 1n narrower
beams. There may then a mismatch between the quality of the
cell defining pilot and the quality of the communication link
using beamiorming.

Another example, 15 Wideband Code Division Multiple
Access (WCDMA) with transmit diversity. Here, cell selec-
tion 1s based on measurements of reference signals transmit-
ted from two antennas over the entire cell. The terminal then
adds the measurements of the reference signals correspond-
ing to the individual antennas to use as input data for the
selection of an appropnate cell. This again means that the
quality of the pilot signal used to select the base station with
which to communicate may differ significantly from the qual-
ity of the communication link once the cell has been selected
when beamiforming 1s used. This, since the cell selection 1s
based on reference signals that do not reflect the properties of
the communication link that will result if beam forming 1s
used.

OBJECT OF THE INVENTION

It 1s an object of the invention to provide a method and an
apparatus to improve the selection of communication link or
links between two or more units 1n a wireless communication
system, especially cell selection.
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2
SUMMARY OF THE INVENTION

This object 1s achieved according to the present invention
by a terminal for use 1n a wireless communication network,
said terminal being arranged to receive at least a first and a
second pilot signal from at least one transmitting node, each
pilot signal comprising at least one reference signal transmit-
ted from at least one transmit antenna, said terminal compris-
ng:
receiving means arranged to receive the pilot signals
estimating means arranged to estimate at least a first and a
second covariance matrix of at least a first and a second
MIMO channel associated with the at least first and second
pilot signals, respectively, each MIMO channel defiming
properties of a communication link,
determining means arranged to determine a parameter related
to the pathloss for the at least first and second MIMO channel,
between the at least one transmitting node and the terminal
based on the at least first and second covariance matrices
respectively 1n dependence of a processing rule,
transmitting means arranged to transmit control information
to a control node 1n the network 1n dependence of the pathloss
parameters determined for the at least two possible commu-
nication links.
The objectis also achieved by a method of selecting at least
one communication link 1n a wireless communication net-
work, said method comprising the steps of
transmitting from at least one transmitting node in the
network at least a first and a second pilot signal, each
pilot signal comprising at least one reference signal
transmitted from at least one transmit antenna,

recerving the pilot signals 1n a receiving terminal,

estimating, in the terminal, at least a first and a second
covariance matrix of at least a first and second MIMO
channel associated with the at least first and second pilot
signals, respectively, each MIMO channel defining
properties of a communication link,

determiming a parameter related to the pathloss for the at

least first and second MIMO channel, between the at
least one transmitting node and the terminal based on the
at least first and second covariance matrices 1n depen-
dence of a processing rule,

selecting one of at least two possible links for the commu-

nication between the terminal and the at least one trans-

mitting node 1n dependence of the pathloss parameters
determined for the at least two possible communication
links.

The object 1s also achieved by a method 1n a terminal of a
wireless communication network for selecting at least one
communication link between the terminal and the network,
said method comprising the steps of

recerving from a transmitting node 1n the network at least a

first and a second pilot signal, each pilot signal compris-
ing at least one reference signal transmitted from at least
one transmit antenna,

estimating, 1n the terminal, at least a first and a second

covariance matrix of at least a first and second MIMO
channel associated with the at least first and second pilot
signals, respectively, each MIMO channel defining
properties of a communication link,

determining a parameter related to the pathloss for the at

least first and second MIMO channel, between the at
least one transmitting node and the terminal based on the
at least first and second covariance matrices in depen-
dence of a processing rule,
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transmitting control information to the network, 1n depen-
dence of the pathloss parameters determined for the at
least two possible communication links.

Hence, according to the mvention a recetving terminal 1s
arranged to measure on each of the transmitter antennas’ >
signals individually using reference signals transmitted from
several antennas, estimate the covariance, determining the
pathloss, or an equivalent measure according to a processing,
rule, mnstead of summing measurements performed on each

reference signals separately.

The selection of communication link 1s improved accord-
ing to the invention compared to the prior art by taking nto
account the optimization of the communication link that can
be performed by means of beam forming once a link has been
selected. This means taking into account not only the quality
ol the pilots themselves but the potential quality of each link
when actually set up.

The processing rule 1s a general function of the covariance
matrix, which may be stored in the terminal or signalled to the 2¢
terminal from the transmitting node.

The mventive method will lead to substantial performance
improvements but may also increase the stability, both of the
system as a whole and for the individual users, since better
choices will be made for handover. The mvention therefore 25
enables efficient exploitation of beam forming.

In a preferred embodiment of the method, the terminal
signals path loss information to the transmitting node and the
selection of a link 1s performed by the network.

Alternatively, the terminal may select the link and informs 30
the transmitting node about the selected link. In this case, the
terminal may further comprise selection means arranged to
select one of the possible communication links, the transmit-
ting means being arranged to transmit to the control node
information about the selected communication link as control 35
information. This method may have disadvantages, since the
terminal only has limited information about the traific situa-
tion in the network.

In a preferred embodiment, the transmitting means 1s
arranged to transmit to the control node information about the 40
path loss as control information. The control node can then
select the communication link to be used.

The mventive method preferably comprises the step of
transmitting pilot signals from at least one antenna from at
least two transmitting nodes to the terminal, forming 1n the 45
terminal a covariance matrix for each of the at least two
transmitting nodes and selecting the link based on path loss
information deduced from the covariance matrix related to at
least one possible communication link between each of said
at least two transmitting nodes and the terminal. 50

In this case, the terminal 1s arranged to recerve at least two
pilot signals from at least two transmitting nodes, each pilot
consisting of a number of reference signals transmaitted from
a number of transmit antennas. In this case, the estimating
means 1s arranged to estimate a covariance matrix for each 55
transmitting node from the pilot signals received from the
respective transmitting node and the determining means 1s
arranged to determine the pathloss for at least two possible
communication links between the transmitting nodes and the
terminal. 60

The processing rule preferably uses the covariance matrix
of each channel and a weight vector to determine the path
loss. The weight vector may be selected from a table of weight
vectors found 1n the terminal so as to minimize the path loss.

In a preferred embodiment the method comprises the step 65
of minimizing the path loss subjectto one or several quadratic
constraints on the weight vectors.
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Alternatively, the path loss may be determined from the
maximum eigenvalue of the covariance matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail in the fol-
lowing, by way of example and with reference to the
appended drawings 1n which:

FIG. 1 1llustrates a prior art base station having multiple
antennas transmitting a cell defining pilot signal.

FIG. 2 illustrates a base station having multiple antennas
transmitting pilot signals according to the invention.

FIG. 3 1s a flow chart of the method according to the
invention

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates a base station 1 having multiple transmit
antennas transmitting a cell defining pilot signal, as 1s used 1n
the prior art, for example, in WCDMA. A pilot signal, con-
sisting of one or several reference signal 1s transmitted, and
cachreference signal 1s transmitted from the antennas accord-
ing to assigned transmit weights. A common case 1s when
cach reference signal 1s transmitted from a unique antenna,
and all the antennas have the same radiation patterns, or
beams. This 1s illustrated in FIG. 1 as all reference signals
being transmitted with the same single lobe. A mobile termi-
nal 3 recerves the pilot signal, which consists of several ref-
erence signals, and measures the path loss, or recerved power,
on cach of the reference signals individually, and finally
forms the sum as a measure of pathloss or received power.
Typically the terminal recerves pilot signals and measures the
path loss 1n several cells. The transmission of pilot signals
should be adapted 1n all dimensions to the envelop, or pos-
sible coverage area of the set of available beams, to correctly
reflect the coverage area the base station. Since coverage
depends on the experienced radio environment and because
the hardware realization 1s not trivial, this generally poses
great problems. The base station 1s connected to other units 1n
the network and 1s controlled by a control unit, such as a
Radio Network Controller (RNC) 5.

FIG. 2 illustrates a base station 21 transmitting a pilot
consisting of reference signals that are multiplexed from its n
antennas 22, according to the invention. These reference sig-
nals may be recetved and used by any terminal that wishes to
set up a connection, to assist i link selection. FIG. 2 shows a
terminal 23. The terminal 23 recerves the signals on one or
several antennas 25. According to the mvention, the mobile
terminal measures on each reference signal. The terminal
comprises an estimating unit 27 arranged to form a long term
transmitter covariance matrix R, for example by means of
estimating the channels associated with each reference signal
and forming by means of temporal averaging complex auto-
and cross-correlations between channels associated with the
respective transmit antenna. Thus, not only the average
received powers are determined, as 1s the case in prior art, but
also the complex cross-correlations. Based on the covarnance
matrix a determiming unit 29 determines a pathloss value
accounting for the benefits of beam forming by processing the
covariance matrix according to a processing rule. The path-
loss value and possibly partial results according to the pro-
cessing rule 1s signalled back to the network through a trans-
mitting means, illustrated in FIG. 2 as the antenna 25,
according to a reporting rule. The processing rule will be
discussed 1n more detail below. The path loss values or infor-
mation based on these values may be signalled from the
terminal to the transmitting node from the determining means
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29 through the antenna 25. Alternatively, a selecting means 31
may be arranged to recerve path loss information from the
determining means 29, select a link and imnform the network,
through the antenna 25 of the selected link. In FIG. 2, both of
these alternatives are shown. Of course, 1n a concrete imple-
mentation, one of the alternatives, or both, may be 1imple-
mented. That 1s, both determining means 29 and selecting,
means 31, or just the selecting means 31 may be arranged to
inform the transmission means. Alternatively, there may be
no selecting means, 1n which case the determining means 29
must be arranged to inform the transmission means. As in
FIG. 1, the base station 21 1s controlled by a control node,
such as an RNC 33.

To enable the calculation of the pathloss value a processing,
rule may be signalled from the base station as a broadcast
message. The processing rule may be related to the intended
transmit concept to be used. Based on the processing rule the
receiver can calculate the expected impact of the multiple
antennas. The processing rule can be viewed, for example, as
a generalization of the path gain to the case with multiple
inputs and multiple outputs to order that the transmait concept
used 1s to be used for cell selection and/or at handover. Alter-
natively, the processing rule may be known to all terminals, so
that 1t does not have to be transmitted. It 1s also possible for a
terminal to select one of a number of processing rules stored
in the terminal. In this case the terminal comprises selection
means (not shown) for performing this selection. The selec-
tion may be made in dependence of the properties of the pilot
signal recerved; for example, according to the number of
antennas used to transmit the pilot signal. Alternatively, the
selection may be made according to a command from the base
station.

Hence, according to the mvention, distinguishing 1t from
the prior art, not only the actual power of the reference sig-
nals, but also the complex correlations between channels
associated with reference signals transmitted from different
transmit antennas are taken nto account when determining,
the pathloss. In this way a pathloss measure retlecting the
potential benefits of beamforming will be obtained. Instead of
the pathloss 1tself an equivalent parameter may be used, such
as the received power.

The pilot signal should be transmitted regularly so that a
mobile terminal can always perform measurements for cell
selection. This may be achieved in a number of ways. For

example, 1 Orthogonal Frequency Division Multiplex
(OFDM) a reference signal may be transmitted on a particular
carrier that will be transmitted at certain time intervals. In
Code Division Multiple Access (CDMA) reference signals
may be sent on one or more particular codes, or may be time
multiplexed.

The covariance matrix R will be a square matrix having as
many rows and columns as the number of transmitter anten-
nas on the base station. For example 1f three antennas are
used, the covariance matrix R will be

Ry Rip Rz (1)
R=|Ry Ky K
K31 R332 Rsz

In R, the diagonal elements R, ,, R,, and R, represent the
power measurements on each reference signal, typically cor-
responding to one of the antennas. The other elements, R, ,,
R,3, R,;, R,3, Ry, and R, represent the correlation between
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6

channels of different antennas. This correlation information
can be used to determine how energy should be transmitted
from the base station.

For so called eigenbeamtforming the maximum eigenvalue
ol the transmitter channel covariance matrix 1s the measure-
ment used for cell selection. Processing rules for direction-
of-arrtval based beam forming with umiform linear arrays as
well as code-book based beam forming are easily formulated
as they all result 1n quadratic forms of the transmit covariance
matrix. Covariance constraints can be used e.g. to control
interference spread to other cells or for spectrum sharing 1n a
future system.

An example of a processing rule 1s according to the
WCDMA specification 25.215 which says: “report the sum of
R,, and R,,”. This means that only the diagonal elements of
the covarlance matrix, representing the path gain of each
transmit antenna, are measured and used.

It fixed lobes from a codebook are used, the best lobe can
be determined using knowledge of the matrix and the weights
used by the multiple antennas.

In the following the data model and the transmitter channel
covariance matrix will be discussed in more detail. For sim-
plicity an OFDM system 1s considered, in which the trans-
mitter has M, transmit antennas and the receiver has My
receive antennas. With simple modifications the description
can be generalized to other types of systems, such as CDMA

systems. The samples associated with sub-carrier k and
OFDM symbol n are modelled as

vikn)=H{kn)x(kn)+e(kn) (2).

Here, y(k,n) 1s an Myx1 column modeling the signals
recetved by M, receive antennas, X(k,n) 1s an M, x1 column
vector modeling signals transmitted from M - transmit anten-
nas. Hence, the M ,xM, matrix H(k,n) models the MIMO
channel for the user under consideration associated with one
transmit node.

Note that the channel associated with each carrier experi-
ences the same second order statistics, and for a (quasi-) wide
sense stationary scenario, the (local) transmitter channel
covariance matrix R may be written as

R=E{HA(km)H(k,n)} (3).

The covariance matrix is of size M ,xM . Ifh_** denotes the
m?” row of H, that is, the channels between all the transmit
antennas and receive antenna m, then the transmitter channel
covariance matrix may also be written as

- @)
R = Z E{hm (H, k)h;?: (H, k)},
m=1

which may be recognized as a sum of the channel covariance
matrices of the terminal’s receive antennas. As can be seen,
the diagonal elements of the covariance matrix contain the
path gain of each transmit antenna, summed over the receive
antennas and the complex valued off-diagonal may be viewed
as average cross-correlations between the different transmait
antennas.

The covariance matrix may be estimated from estimates of
the MIMO channel which 1n turn may be obtained by corre-
lating the received samples with known transmitted reference
symbols and averaging in the time and frequency grid within
the coherence limits of the channels.

To summarize, the transmit channel covariance matrix may
be viewed as a straight forward generalization of the path gain
to the MIMO case. According to the present definition, a sum
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1s taken over the recerve antennas and not only path gains to
the individual transmit antennas are considered but also asso-

ciated cross correlations. Since the path gain may be mea-
sured 1n the single antenna case, a suitable pilot structure will

enable this also 1n the MIMO case. d
With downlink beam forming of a scalar data signal s(n.k)
with transmit power P, the signal transmitted 1s formed as

x(n,ky=ws(n,k) (5)

10
where the M x1 column vector w holds the employed trans-

mit weights which are normalized so that ||[w|[=1. The path
gain 1s now taken as the signal power, summed over all receive
antennas and divided by the transmit power. Using the defi-

nitions above we see that that the path gain may be written as 15

G=P,. /P, (6)

Mp

— Z E{|h;’:: ws(#, k)lz}/PH 20

(M p )
= Z Elh,(r, OB (n, O} [w

=1 y

= w' Rw 25

As can be seen the path gain 1s a function of the transmit
welghts and the transmitter channel covariance matrix. This
definition of the path gain 1s suitable for use with the present
invention. Further, 1n beam forming, especially long-term
beam forming, as i1s considered in the present invention,
weilghts are determined using knowledge of the transmitter
channel covariance matrix and are typically chosen to maxi-
mize the path gain. Thus, the processing rule signaled to the
roaming terminals determines beam forming weights as a
function of the transmitter channel covariance matrix.

Since different beam forming techmques may be used by
different base stations 1n a network, 1t 1s envisioned that a
message representing processing rule may be signaled by
network to the terminal as well. If only a single beam forming,
technique 1s employed, then there 1s of course no need to
signal this. Otherwise, since a relatively small number of
techniques are believed to be simultaneously supported, the
signaling will be a small number of bits.

To summarize, the invention provides a function so that the
terminal can determine a path gain measurement as a function
of the defined transmitter channel covariance matrix. The
path gain measurement accounts for the possible benefits of
beam forming.

Next, some specific embodiments will be discussed.

In the case of long-term eigenbeamiforming the weight
vector w for transmission 1s given by the eigenvector associ-
ated with the largest eigenvalue of the covariance matrix, that
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Wepr = arg max w' Rw (7)

stowll w=1
60

In this case, the path gain measurement becomes

(8)

Where A __(*) denotes the largest e1genvalue of 1ts argument.
Hence, the pathgain measurement 1s simply the largest e1gen-
value of the covariance matrix. The weight vector or the

Gop=W, beR Wb Pomar R)

65
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covariance matrix may be signalled to the network together
with the pathgain measurement.

In the future 1t may be desirable to enable spectrum shar-
ing, that 1s, several operators, each with its own infrastructure
(of the same future standard) sharing a common spectrum. In
this case the long-term eigenbeamiorming may be extended
with spectrum sharing constraints. For example, a base sta-
tion may only be allowed to transmit in certain directions in
order not to disturb other operators’ systems. A possible
solution may be to use the spatial dimension and to impose
constraints on the covariance matrix. In this case, 1t 1s possible
that a set of constraint matrices {Q,} is broadcasted and that
the beam forming weight vector w 1s selected as

Wepf = arg max w' Rw (9)

W
s.towil O;w=1

In this case, parameters of a processing rule, the constraint
matrices, may be updated on slow basis. Further, given the
beam forming weights, the path gain measurement 1s easily
obtained and signalled, possibly with the weights, to the
network.

An alternative to the beam forming methods discussed
above will be code-book based beam forming. In this case, an
agreed code-book of possible transmit weights 1s used, which
may be similar to the closed loop transmit diversity modes of
WCDMA. The code book, therefore, 1s a table of all possible
lobes that may be created by the transmitter by assigning
different weights to the antennas. Such a code book may be
constructed using vector quantization techniques, in ways
that are known to the skilled person.

The terminal may on a slow basis select a suitable vector
from the code book. In this case, the path gain value may be
formed as

(10)

Gep = max w;H Rw;
i

where {w.} is the set of transmit weights. The index of the
best transmit weights may be signalled to the network
together with the path gain measurement.

An example of a code book 1s given 1n Table 1. For this
example, 1t 1s assumed that the base station has three transmat
antennas Al, A2, and A3. Five different lobes can be gener-
ated, using the five different vectors w,-w.. The table lists, as
an example only, the weight that should be used for each
antenna to generate the different vectors.

TABL.

L1l

1

Examples of antenna weight vectors to create five different beams

Antenna 1 Antenna 2 Antenna 3
W 1 1 1
WH 1 ] -]
W3 I ] ]
W, ] 1 -] 1 -]
Ws 1-) 1-)

The terminal can measure the channel to each antenna and
measure the covariance matrix. Having done that, the termi-
nal can select the best weight vector of w,-w-..

FIG. 3 1s a flow chart of an overall method according to the
invention. In step S1 a pilot signal consisting of one or several
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reference signals 1s transmitted from the transmitter antennas
ol at least one base station. The reference signals are trans-
mitted as separate signals to be measured individually. If there
are more than one base station, at least one of the base stations
should have two or more transmitter antennas.

In step S2 the pilot signals are received by the terminal.
In step S3 the terminal estimates the covariance matrix of
the channels. IT p1lot signals are recerved from more than one
base station, a covariance matrix 1s estimated for each of the
base stations.

In step S4 the terminal determines the path loss using the
covariance matrix or matrices estimated 1n step S3 according
to a given processing rule.

Step S5 1s a decision step. If the terminal 1tself should select
the link, go to step S6; 11 the network should select the link, go
to step S8.

In step S6 the terminal selects the link 1t wants to use when
communicating with the network, and 1n step S7 it informs
the network about the selected link. Go to step S10.

In step S8 the terminal signals path loss information to the
network and 1n step S9 the network selects the link to be used
for communication between the terminal and the network.

In step S10 the selected connection 1s set up between the
terminal and the network 1n the way common 1n the art.

This procedure 1s typically performed periodically or when
signalled from a control node in the network.

When something 1s said to be performed by the network
this means that it 1s performed by a unit in the network, for
example, a control node such as an RNC or a controlling
entity 1n an access node. It 1s probably most feasible to let the
network select the link, since the network has more informa-
tion about the overall situation than a terminal can have. This
means that usually steps S8 and S9 will be performed, rather
than steps S5 and S6. If 1t 1s decided that one branch should
always be used, the decision step S5 1s not needed. Instead the
procedure may pass directly from step S4 to step S6 or step
S8.

The proposed solution may be easily extended to support
macro diversity, that is, to the case i which the downlink
signal 1s transmitted by multiple base station sites. In such a
case the terminal may estimate and report path loss measure-
ments and partial results according to a reporting rule from
several base station sites 1n the same way as when 1t recerves
the signal from a single base station. It 1s also possible that the
different antennas may be located at different base stations, or
sites. In this case, the beam forming can be considered as a
generalized macro diversity transmission.

When the terminal has informed the network of pathloss
measurements of a set of cells, 1t will preferably be up to the
network to make decisions about the communication links,
since the network has knowledge of the overall traffic situa-
tion that may affect the decision. For example the appropriate
Radio Network Controller (RNC) of the network may make
the decisions. It will also be possible to let the terminal order
the network to select a particular lobe; however, this may have
undesirable effects.

The mvention claimed 1s:

1. A terminal for use 1n a wireless communication network,
said terminal being arranged to receive at least a first and a
second pilot signal from at least one transmitting node, each
pilot signal comprising at least one reference signal transmuit-
ted from at least one transmit antenna, said terminal compris-
ng:

receiving means arranged to receive the pilot signals; an

estimating means arranged to estimate at least a first and
a second transmit covariance matrix of at least a first and
a second MIMO channel associated with the at least first
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and second pilot signals, respectively, each MIMO chan-
nel defining properties of at least a possible communi-

cation link,

determiming means arranged to determine a parameter
related to the pathloss for the at least first and second
MIMO channel, between the at least one transmitting
node and the terminal based on the at least first and
second transmit covariance matrices respectively in
dependence of a processing rule, which 1s a general
function of the transmit covariance matrix

transmitting means arranged to transmit control informa-

tion to a control node in the network in dependence of
the pathloss parameters determined for the at least two
possible communication links.

2. A terminal according to claim 1, wherein the transmit-
ting means 1s arranged to transmit to the control node 1nfor-
mation about the path loss as control information.

3. A terminal according to claim 1, further comprising
selection means arranged to select one of the at least two
possible communication link and wherein the transmitting
means 1s arranged to transmit to the control node information
about the selected communication link as control informa-
tion.

4. A terminal according to claim 1, arranged to recerve pilot
signals from at least two transmitting nodes, each transmit-
ting on a number of transmitting antennas, wherein

the estimating means 1s arranged to estimate a covariance

matrix from the pilot signal received from the respective
transmitting node

and the determining means 1s arranged to determine the

pathloss for at least one possible communication link
between each of the transmitting nodes and the terminal.
5. A terminal according to claim 1, wherein the determin-
ing means 1s arranged to use a processing rule which uses the
covariance matrix of each channel and a weight vector to
determine the path loss.
6. A terminal according to claim 5, wherein the weight
vector 1s selected from a table of weight vectors found in the
terminal so as to minimize the path loss.
7. A terminal according to claim 5, wherein the determin-
ing means 1s arranged to minimize the path loss subject to one
or several quadratic constraints on the weight vectors.
8. A terminal according to claim 1, wherein the determin-
ing means 1s arranged to determine the path loss from the
maximum eigenvalue of the covariance matrix.
9. A terminal according to claim 1, wherein the receiving
means 1s arranged for recerving information from the trans-
mitting nodes about a processing rule to be used for deter-
mining the path loss.
10. A terminal according to claim 1 further comprising
selecting means for selecting a processing rule, from at least
two processing rules stored 1n the terminal, 1n dependence of
properties of the at least one pilot signal.
11. A method of selecting at least one communication link
in a wireless communication network, said method compris-
ing the steps of
transmitting from at least one transmitting node 1n the
network at least a first and a second pilot signal, each
pilot signal comprising at least one reference signal
transmitted from at least one transmit antenna,

recerving the pilot signals 1n a receiving terminal,

estimating, in the terminal, at least a first and a second
transmit covariance matrix of at least a first and second
MIMO channel associated with the at least first and
second pilot signals, respectively, each MIMO channel
defining properties of a commumnication link,




US 8,270,516 B2

11

determining a parameter related to the pathloss for the at
least first and second MIMO channel, between the at
least one transmitting node and the terminal based on the
at least first and second transmit covariance matrices 1n
dependence of a processing rule, which 1s a general
function of the transmit covariance matrix,

selecting one of at least two possible links for the commu-

nication between the terminal and the at least one trans-
mitting node 1n dependence of the pathloss parameters
determined for the at least two possible communication
links.

12. A method according to claim 11, wherein the terminal
signals path loss information to the transmitting node and the
selection of a link 1s performed by the transmitting node.

13. A method according to claim 11, wherein the terminal
selects the link and informs the transmitting node about the
selected link.

14. A method according to claim 11, comprising the step of
transmitting pilot signals from at least two transmitting nodes
to the terminal, forming 1n the terminal a covariance matrix
tor the pilot signal received from the respective transmitting
node and selecting the link based on path loss information for
at least one communication link between each of the trans-
mitting nodes and the terminal.

15. A method according to claim 11, wherein the process-
ing rule uses the covariance matrix of each channel and a
weilght vector to determine the path loss.

16. A method according to claim 15, wherein the weight
vector 1s selected from a table of weight vectors found 1n the
terminal so as to minimize the path loss.

17. A method according to claim 15, comprising the step of
mimmizing the path loss subject to one or several quadratic
constraints on the weight vectors.

18. A method according to claim 11, comprising the step of
determining the path loss from the maximum eigenvalue of
the covariance matrix.

19. A method according to claim 11, further comprising the
step of transmitting from the transmitting node to the terminal
information about a processing rule to use for determining the
path loss.

20. A method according to claim 11, further comprising the
step of selecting, 1n the terminal, one of at least two process-
ing rules stored in the terminal.

21. A method 1n a terminal of a wireless communication
network for selecting at least one communication link
between the terminal and the network, said method compris-
ing the steps of

receiving from a transmitting node 1n the network at least a

first and a second pilot signal, each pilot signal compris-
ing at least one reference signal transmitted from at least
one transmit antenna,
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estimating, 1n the terminal, at least a first and a second
transmit covariance matrix of at least a first and second
MIMO channel associated with the at least first and
second pilot signals, respectively, each MIMO channel
defining properties of at least a possible communication
link,
determining a parameter related to the pathloss for the at
least first and second MIMO channel, between the at
least one transmitting node and the terminal based on the
at least first and second transmit covariance matrices in
dependence of a processing rule, which 1s a general
function of the transmit covariance matrix,

transmitting control information to the network, 1n depen-
dence of the pathloss parameters determined for the at
least two possible communication links.

22. A method according to claim 21, wherein the terminal
signals path loss information to the transmitting node to
enable the selection of a link by the transmitting node.

23. A method according to claim 21, wherein the terminal
selects the link and 1informs the transmitting node about the
selected link.

24. A method according to claim 21, comprising the steps

of receiving pilot signals from at least two transmitting

nodes to the terminal,

forming 1n the terminal a covariance matrix for the pilot

signal recerved from each of the at least two transmitting,
nodes and

determiming path loss information for at least one possible

communication link between each of the transmitting,
nodes and the terminal.

25. A method according to claim 21, wherein the process-
ing rule uses the covariance matrix of each channel and a
weight vector to determine the path loss.

26. A method according to claim 25, wherein the weight
vector 1s selected from a table of weight vectors found in the
terminal so as to minimize the path loss.

27. Amethod according to claim 21, comprising the step of
minimizing the path loss subject to one or several quadratic
constraints on the weight vectors.

28. A method according to claim 21, comprising the step of
determining the path loss from the maximum eigenvalue of
the covariance matrix.

29. A method according to claim 21, turther comprising the
step of receiving 1n the terminal information from the trans-
mitting node about a processing rule to use for determining
the path loss.

30. A method according to claim 21, further comprising the
step of selecting, in the terminal, one of at least two process-
ing rules stored in the terminal.
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